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A. The expression of pluripotency genes and neuromesoderm-specific genes were detected during NMP differentiation from day 0 to day 5.
B. The mRNA levels of SOX1 (neural epithelium), SOX10 (neural crest), and SOX17
(endoderm) were detected during NMP differentiation from day 0 to day 5.
C. Lumbosacral HOX gene expression of undifferentiated hPSC and NMP (day 2)
were detected when treated with lower (2 ng/ml) or higher (5-10 ng/ml) concentration of TGFβ1. The data represent mean ± SEM of three independent experiments. *p＜ 0.05, **p＜0.01, ***p＜0.001, and n.s. is non-significant. were assessed by FACS analysis and tested for their ability to differentiate into mesenchymal-lineage cells (osteoblasts, adipocytes, and chondrocytes), as previously described [1] . BMSC from three healthy donors (BMSC1, BMSC2, and BMSC3) [2] were cultured in MesenCult™-ACF Plus Medium and used as controls.
NMP-MSC proliferation assay
The proliferation ability of NMP-MSC was determined using the fluorescence-based Cell Counting Kit-8 (CCK8) Cell Proliferation Assay (Dojindo, Kumamoto, Japan) according to the manufacturer's instructions. In brief, 100 μl of cell suspension was plated to a 96-well plate at 1,500 cells/well and cultured for 24 hours, after which 10 μl of CCK-8 solution was added to each well and the plate was 
Intracellular cytokine staining
Isolated CD3+ T cells were resuspended in RPMI-1640 (Life Technologies) and cultured with or without MSC for 72 hours. In IDO blockage assay, 1mM 1-MT (IDO inhibitor; Sigma-Aldrich) was added. Thereafter, 10 μg/ml brefeldin A (BFA), 50 ng/ml phorbol-12-myristate-13-acetate (PMA) and 1 μg/ml ionomycin (all from Sigma-Aldrich) were added to the culture medium, and cells were cultured for an additional 6 hours. The CD3+ cells were fixed, permeabilized, stained for cell-surface CD3, cytoplasmic TNF-α, and IFN-γ, and analyzed by flow cytometry.
Exposure of NMP-MSC to pro-inflammatory cytokines
NMP-MSC and control BMSC were plated in 6-well plates at 4 × 10 5 cells/well.
After cells reached 60-70% confluence, 20 ng/ml IFN-γ was added to the medium and culture was continued for 24 or 48 hours. The cells were then harvested, and the mRNA expression levels of anti-inflammatory mediators (IL6, IL8, and CCL2) and pro-inflammatory mediators (IDO, TSG6, and PGE2) were detected by qRT-PCR.
In vivo bone formation assay
The scaffolds, hydroxyl-apatite/tricalcium phosphate ceramic powder (HA/TCP; Zimmer Scandinavia, Denmark), were washed twice with PBS and immersed in MSC culture medium for 12 hours. NMP-MSC or BMSC were suspended at 2 × 10 7 cells/ml in osteogenic differentiation medium, and 50 μl of the cell suspension (10 6 cells) was poured onto each scaffold. NMP were used as control cells. The cells were allowed to adhere to the scaffolds for 2 hours at 37℃, the cell-scaffold complexes were covered with 2 ml of osteogenic differentiation medium, and cells were allowed to differentiate for 3 days. The assembled cell-scaffolds were transplanted subcutaneously to the dorsal surfaces of 2-month-old female nude mice (Vital River, Beijing, China). Transplants were recovered 8 weeks after transplantation, and transplant sections were analyzed by hematoxylin and eosin (H&E) staining, and immunostaining with anti-OPG, anti-OCN, or anti-CD45 antibodies.
Tumor formation assay
To evaluate the tumorigenicity of hPSC-NMP-MSC derived from different pluripotent stem cell lines, 5x10 6 NMP-MSC in PBS containing 30% matrigel were injected subcutaneously into 8-week-old NOG mice (n=5 for each cell line; from Vital River). Undifferentiated human induced pluripotent stem cells were used as a control.
Tumor occurrence was evaluated 8 weeks after cell injection.
Migration assays
The migration of hPSC-NMP-MSC was detected using three different assays.
Time-lapse analysis was performed with a Zeiss Axio Observer Z1 microscope. Cells were cultured at 37°C in an enclosed chamber with CO2 controlled. Cell migration was quantified at 10-minute intervals for 12 hours using computer-assisted tracking.
The migration distances of individual cells were determined and analyzed.
Transwell assays were performed using inserts with 8-μm-pore membrane filters (Chemicon, Temecula, CA, USA), as described by the manufacturer. The extracellular matrix (ECM) layer of the inserts was rehydrated with serum-free medium for 1-2 hours, 300 μl of cell suspension (1 × 10 5 cells/ml) in serum-free medium was loaded into each upper chamber, and 500 μl of culture medium was loaded into the lower chamber. Incubation was performed for 6 or 24 hours, the upper sides of the filters were carefully washed with cold PBS, and any remaining non-migrating cells were gently removed with a cotton-tipped swab. The cells on the lower surface (migrated cells) were stained with crystal violet solution.
Migration was also assessed using a wound-healing assay. Cells (2×10 6 ) were grown to confluence on 60-mm culture dishes and treated with 0.5 µM mitomycin C (Sigma-Aldrich, Chicago, IL, USA) for 2 hours prior to wounding. Monolayers were scratched with a P-20 pipette tip and washed repeatedly with PBS. Representative images were taken of the scratched areas at various time points. To estimate the relative migration of the cells, average gap measurements (AG; percentage) were used to quantify the data. The condition at 0 h was taken as 100%.
Transplantation of NMP-MSC in a mouse model of contact hypersensitivity (CHS)
NMP-MSC and BMSC were transfected with an EGFP-encoding construct for in vivo cell tracing, as previously described [3] . The mouse CHS model was established according to a previously reported protocol [3] . In brief, the contact-sensitizing agent, using a dial thickness gauge (Mitutoyo, Kawasaki, Japan). Mice were then sacrificed and ear samples were harvested for further analysis.
All experimental procedures involving animals were approved by the Animal Ethics Committee of Sun Yat-sen University.
Measurement of MPO Activity
The MPO Activity was analyzed as described [3] . In brief, 24 hr after MSC injection, ear tissues were homogenized, passed through a nylon mesh, centrifuged at 3000 rpm for 20 min at 4℃, and collected. MPO activity was assessed with the MPO kit (R&D Systems) according to the manufacturer's instructions.
RNA sequencing
Total mRNA was isolated from undifferentiated hPSC (hiPSC, H1, and H9), 
Fluorescence activated cell sorting (FACS) analyses
FACS was used to examine the marker expression of NMP and NMP-MSC. The cells were trypsinized, filtered, and incubated with monoclonal antibodies against various human antigens, including CD24, CD29, CD34, CD44, CD45, CD73, CD90, and CD166 (all from BD-Pharmingen; Table S1 ). An irrelevant isotype-identical antibody (BD Biosciences) was used as a negative control. The data were analyzed with the FlowJo software (BD Biosciences).
Immunocytochemistry and histochemistry
Differentiated hPSC and hPSC-NMP-PM were fixed with 4% paraformaldehyde for 20 minutes, blocked in blocking buffer (0.2% Triton X-100 with 10% goat serum or 2% bovine serum albumin) for 1 hour, and incubated with the appropriate primary antibody at 4°C overnight. The utilized primary antibodies are listed in Table S2 . 
Quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analyses
Total RNA was prepared using the TRIzol Reagent (Invitrogen) according to the manufacturer's instructions, and then reverse transcribed into cDNA using a Quantitect Reverse Transcription kit (Qiagen, Valencia, CA, USA) in a 20-μL reaction system. qPCR was performed using a DyNAmo ColorFlash SYBR Green qPCR kit (ThermoFisher Scientific, Rutherford, NJ, USA) and a LightCycler 480
Detection System (Roche Diagnostics, Mannheim, Germany). The thermocycling conditions comprised 40 cycles of denaturation at 94℃ for 15 seconds, annealing at 60℃ for 15 seconds, and extension at 72℃ for 40 seconds. GAPDH was amplified as an internal control, and gene expression levels were calculated as fold changes.
Primer details are provided in Table S3 .
ELISA
The levels of TNF-α, IFN-γ, IL-6, and IL-17 were detected by commercially available ELISA kits (all from R&D Systems) in the inflamed ears of each group according to the manufacturer's recommended procedures.
Statistics
All data are presented as the mean ± SEM obtained from at least three independent experiments. Comparisons between groups were performed using a one-way analysis of variance (ANOVA). P<0.05 was considered statistically significant. All statistical analyses were performed with the aid of SPSS Version 17.0 (SPSS Inc., Chicago, IL, USA).
